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The invention relates to conjugates of lipids 





and basic, membrane disturbing peptides, particularly 
compounds of the formulae 



and 



(R-CONH) n -R 3 



(R-S-S) n -R 3 



(I) 



(II) 



wherein R is the hydrocarbyl moiety of a straight- 
chain or branched-chain, saturated or unsaturated 
aliphatic carboxylic acid, or a phospholipid moiety hav- 
ing a free valence bond; R 3 is a basic membrane dis- 
turbing peptide having a free valence bond at one or two 
carbon atom(s); and n is 1 or 2. 
which can be used as a vector for transfecting a cell with 
a polynucleotide or any other anionic macromolecule. 
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Description 



Gene transfer technology has become a field of considerable interest. Introduction of an exogeneous gene into a 
cell (i.e. transfection) bears many important scientific and medical applications, going from gene regulation and thepro- 
5 duction of recombinant proteins to gene therapy. 

Viruses have evolved to bypass the different cellular barriers to gene transfer and have indeed become vectors of 
choice for transfection. Many viruses, including retrovirus, adenovirus or herpes virus, are now engineered to carry ther- 
apeutic genes and used in human clinical trials for gene therapy. However, there remains a risk of infectious and immu- 
nologic reaction and the large scale production of viruses is difficult and time consuming. 
w For these various reasons non viral systems have been developed to carry DNA into cells, e.g., the transfection 
technique based on a cationic lipid, the dioleoyloxypropyl trimethylammonium (Feigner et al., Proc. Natl., Acad. Sci. 
USA, 84, 7413-7417, 1987) commercialized as Lipofectin™. Since the discovery of this transfection technique, many 
more cationic lipids have been synthesized and some are commercially available as transfecting reagent for laboratory 
use: DOGS (Transfectam™), DOSPA (Lipofectamine™), DOTAP (DOTAP™). 
15 Nevertheless, despite an important progress in the formulation of non-viral gene delivery systems, there remains a 
need for more efficient techniques, since the transfection efficiency of synthetic systems is usually below that of viral 
vectors. Furthermore, still many problems arise in vivo and the poor stability of the non-viral systems in biological fluids 
does not allow high and reproducible levels of transfection in vivo. 

Transfection of cells with oligonucleotides such as DNA can be used, for example to express in a host cell or organ- 
ic? ism, a protein which is not normally expressed by that ceil or organism. For example, a self replicating DNA molecule 
called a plasmid may be introduced into a cell not normally containing that plasmid in order to express a marker gene 
product in that cell, or to express a protein of interest such as a recombinant protein which is later harvested from such 
cells. (See Sambrook, et al., Molecular Cloning: A Laboratory Manual, 2nd ed. (Cold Spring Harbor, 1989), ch. 1.) The 
transfection of oligonucleotides into cells can also be used therapeutically. For example, antisense oligonucleotides, 
25 once in the cell or cell nucleus, bind to target single-stranded nucleic acid molecules by Watson-Crick base pairing or 
to double stranded nucleic acids by Hoogsteen base pairing, and in doing so disrupt the function of the target by one of 
several mechanisms: by preventing the binding of factors required for normal transcription, splicing, or translation; by 
triggering the enzymatic degradation of mRNA by RNAse H, or by destroying the target via reactive groups attached 
directly to the antisense oligonucleotide. (See Zamecnic et al., Proc. Natl. Acad. Sci. -USA (1978) 75: 280-284). Gene 
30 therapy or DNA based vaccination are other therapeutic applications. 

Proteins and other anionic macromolecules are transferred into cells for therapeutic and screening purposes. For 
example, immunization is enhanced by introducing an immunogenic protein into a cell, so that it is more efficiently proc- 
essed and presented on the surface of the cells, thereby enhancing the immunogenic response. Negatively charged 
anionic macromolecules which act inside a cell are transported past the hydrophobic cell membrane into the cytoplasm 
35 where they exert their effect. Factors which enhance or hinder transcription of DNA can be used in a screening test to 
verify the transcription of a gene of interest. These transcription assays are very well known for use in screening com- 
pounds to determine their effect against a particular macromolecule, for example a cell receptor. 

In accordance with the present invention it has been found that conjugating a lipid to a basic, membrane disturbing 
peptide results in novel compounds that bind polynucleotides and anionic macromolecules and can be used for trans- 
it? fection of cells. Thus, in one aspect, the invention is concerned with novel compounds which are conjugates of lipids 
and basic, membrane disturbing peptides and which are transfection competent molecules. 

The term "conjugates" means compounds consisting of a lipid chemically bound to the peptide, e.g., via a disulfide 
bond formed between a sulfur atom present in or attached to the lipid and a sulfur atom present in or attached to the 
peptide; or an amide bond formed between the carboxyl group present in or attached to the lipid and an amino group 
45 of the peptide. 

The term "lipid" as used herein comprises straight-chain, branched-chain, saturated or unsaturated aliphatic car- 
boxylic acids and phospholipids. Examples of aliphatic carboxylic acids are lauric acid, palmitic acid, stearic acid, oleic 
acid and (CH 3 (CH 2 ) n )2CH COOH, where n is an integer from 3 to 19. Examples of phospholipids are phosphatidyleth- 
anolamines such as dioleoylphosphatidylethanolamine. 

so The term "basic peptides" denotes peptides containing at least one basic amino acid. Examples of such basic 
amino acids are natural and unnatural diamino-monocarboxytic acids, such as alpha, beta-diaminopropionic acid, 
alpha, gamma-diaminobutync acid, lysine, arginine, ornithine and p-aminophenylalanine. 

The term "membrane disturbing peptides" denotes cell-lytic or antibacterial peptides which perturb the barrier func- 
tion of membranes (G. Saberwal and R. Nagaraj BBA 1 197:109-131, 1994). Examples of basic, cell-lytic peptides are 

55 melittin, hemolysin, mastoparan, bombolitin, crabrolin and derivatives thereof. Examples of basic antibacterial peptides 
are cecropins. magainins, gramicidin S and tyrocidine and derivatives or analogs thereof. The term "analogs" refers to 
peptides wherein one or more amino acid residues are missing or have been replaced by another amino acid residue 
without substantially changing the biological activity of the original peptide concerned. The term "derivatives" refers to 
peptides wherein the terminal carboxyl group is esterif ied, particularly to form lower alkyl esters such as the methyl and 
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^TOe, lower aikyl amide or di-lower alkyl amide or^^as 



15 



20 



25 



30 



ethyl ester; or converted into an aJroe, lower aikyl amide or di-lower alkyl amide or n^razide. The term lower" denotes 
groups containing from 1 -6 carbon atoms. 

Thus, in one aspect, the novel compounds of the present invention are compounds of the formula 

5 (R-CONH) n -R 3 I 

wherein R is the hydrocarbyl moiety of a straight-chain or branched-chain, saturated or unsaturated aliphatic car- 
boxylic acid, or a phospholipid moiety having a free valence bond; R 3 is a basic membrane disturbing peptide having a 
free valence bond at one or two carbon atom(s); and n is 1 or 2. 
10 Preferably, n is 1 . Particularly preferred compounds are those of the formula 

CH.-OR 1 
CH 2 -OR 2 

ch 2 <>p(OKm:h 2 ch 2 -nhcc>x<:onhr 3 

wherein X is C 2 _ 10 alkylene, R 1 and R 2 independently are an acyl moiety of a C 12 . 20 aliphatic carboxylic acid and 
R 3 is as defined above. 

The term "C 12 _ 20 " denotes a number of carbon atoms of from 12 to 20. The acyl moieties R 1 and R 2 can be a 
straight-chain or branched-chain, saturated or unsaturated moiety. Examples of such moieties are lauroyl, palmitoyl, 
stearoyl and oleoyl. In a preferred aspect, R 1 and R 2 are oleoyl. X is preferably ethylene, propylene or decamethylene. 
In another and preferred aspect, the invention relates to novel compounds of the formula 

(R-S-S) n -R 3 II 

wherein R, R 3 and n have the meaning given above. 
In the compounds of formula II, n is preferably 1. Most preferred are compounds of the formula 

CH, - OR 1 



CH 2 -OR 2 DA 
35 CH 2 -0-P(0)-OCH 2 CH 2 -NHCO-X-S-S-R 3 



wherein R 1 , R 2 , R 3 and X are as defined above. 
Most preferably R 3 is the residue -(CH 2 )-CH(NH 2 )-CO-lle-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala- 
40 Leu-lle-Ser-Trp-lle-Lys-Arg-Lys-Arg-Gln-Gln-NH 2 . 

In another aspect, this invention relates to a process for preparing the novel compounds defined above, i.e., conju- 
gates of lipids and basic, membrane disturbing peptides, and compositions comprising at least one such compound, a 
polynucleotide or any other anionic macromolecule, and, optionally, a helper lipid and/or a short chain phospholipid, 
and/or a cationic lipid or another known transfection competent molecule other than a conjugate of this invention (i.e. a 
45 compound of formula I or II). In still another aspect, this invention relates to compositions comprising conjugates of lip- 
ids and basic, membrane disturbing peptides and a helper lipid and/or a short chain phospholipid, and/or a cationic lipid 
or another known transfection competent molecule other than a conjugate of this invention, e.g. a compound of formula 
I or II.. The invention further relates to the use of the novel compounds as a carrier for transfecting a cell with a polynu- 
cleotide or any other anionic macromolecule. 
so The compounds provided by this invention can be prepared by reacting a peptide of the formula R 3 NH 2 with a lipid 
of the formula R-COOH, or a peptide of the formula R 3 SH with a lipid of the formula R-SY wherein Y is a leaving group 
such as 2-pyridinethio. These reactions can be carried out in a manner known per se. 

Thus, the coupling of peptide of the formula R 3 NH 2 with a lipid of the formula R-COOH can be accomplished by 
reacting the compounds in a suitable solvent in the presence of a condensation agent such as dicyclohexylcarbodiimide 
55 in analogy to methods known for producing peptide bonds. 

The reaction of a peptide of the formula R 3 SH with a compound of formula R-SY can be carried out in an appropri- 
ate solvent or solvent mixture which solubilizes both reactants. The compound of formula R-SY can be dissolved in an 
organic solvent, e.g., in chloroform. The peptide R 3 SH is suitably dissolved in aqueous buffer solution, such as phos- 
phate buffer, that contains an appropriate amount of an water-miscible organic solvent such as acetonitrile to accom- 
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plish the formation of a single phasWeaction system. 

Compounds of the formula R-COOH and R-SY are known or can be prepared by known methods, e.g. as described 
in Biochim.Biophys.Acta 862, 435-439 (1986). For example, compounds of the formula 



wherein R 1 and R 2 are oleolyl, and X is ethylene, propylene or decamethylene and the compound of the formula 



wherein R 1 and R 2 are oleolyl, X is ethylene and Y is 2-pyridinethio are commercially available as N-Succinyl- 
PE, N-Glutaryl-PE , N-Dodecanyl-PE and N-PDP-PE from Avanti Polar Lipids, Alabaster, Alabama, USA. 

Any anionic macromolecule can be transfected into a cell using a compound of formula I or II. An anionic macro- 
molecule is a macromolecule which contains at least one negative charge per molecule. Examples of anionic macro- 
molecules which can be transfected in accordance with this invention include polynucleotides , such as 
deoxyribonucleic acids (DNA) and ribonucleic acids (RNA); and proteins, such as ribonucleoproteins and proteins used 
for immunization, e.g. viral proteins. Examples of DNA for use in the present invention are plasmids and genes, espe- 
cially those for which gene therapy protocols have been launched such as cystic fibrosis transmembrane regulator 
(CFTR), adenosine deaminase (ADA), thymidine kinase (tk) and HLA B7; as well as reporter genes such as beta-galac- 
tosidase, luciferase, chloramphenicol transferase and alpha-1 antitrypsin. Other examples of DNA are oligodeoxynucle- 
otides and their analogues used as antisense, aptamer or "triple-heHx tf agents. Examples of RNA are ribozymes or 
oligoribonucleotide antisense molecules. 

The nature of the cell which is to be transfected is not narrowly crucial. The eel! can be a procaryotic or eucaryotic 
cell, a mammalian or a plant cell. 

In transfecting a cell using a conjugate of this invention, e.g. a compound of formula I or II, the cell is contacted with 
the anionic macromolecule in the presence of an appropriate amount of such compound. The appropriate amount of 
the conjugate, e.g. a compound of formula I or II for a given amount of anionic macromolecule depends on their respec- 
tive charges. The +/- charge ratio between the conjugate and the molecule to be transfected generally varies between 
0.1-10, preferably between 0.5-5. The value of „+/- charge ratio" is calculated by dividing the number of positively 
charged groups on the amino acids in the group R 3 by the number of negative charges of the molecule to be trans- 
fected. When the molecule to be transfected is a polynucleotide for example, number of negative charges means the 
number of negatively charged phosphates in the backbone. The optimal ratio within these ranges depends on the cell 
to be transfected and is readily ascertained by one of skill in the art to which this invention pertains. 

The amount of anionic macromolecules to the number of cells is such that the amount of anionic macromolecule 
for transfecting 10 4 cells is from 0.1 ng to 10 \ig, preferably from 0.2 \iq to 2 ^g. When the anionic macromolecule is 
DNA the preferred amount of DNA for transfecting 10 4 cells in vitro is from 0.1 jig to 10 \ig. When cells are being trans- 
fected in vivo, the preferred amount of DNA is from 0.1 \xg to 1 g. 

In a preferred aspect of the invention the transfection is further carried out in the presence of a helper lipid and/or 
short chain phospholipid, and/or a cationic lipid or any other known transfection competent molecule other than a con- 
jugate of this invention. Any conventional helper lipid can be used. Helper lipids are phospholipids which are known to 
increase delivery of macromolecules to cells when used together with known transfection competent molecules. Exam- 
ples of helper lipids are phospholipids, such as phosphatidyicholine or phosphatidylethanolamines or mixtures thereof. 
Preferred helper lipids are phosphatidylethanolamines, such as dioleoylphosphatidylethanolamine. Any conventional 
short chain phospholipid can be used. Short chain phospholipids are phospholipids containing fatty acid residues, 
which fatty acid residues contain from 6 to 12 carbon atoms in their backbone. Examples of short chain phospholipids 
are phosphatidylcholines that carry two C 6 . 12 fatty acid residues. Preferred short chain phospholipids are dicapryl- and 
dicapryloyl phosphatidylcholine. 

Examples of transfection competent molecules include cationic lipids as described by J.B. Behr in Bioconjugate 
Chem. 5:382-389 (1994) and X. Gao and L. Huang in Gene Ther. 2:710-722 (1995); polycations as described by A.V. 



CH.-OR 1 



m 



CH 2 -OR 2 
I 1 

CH 2 -0-P(0)-0-CH 2 CH 2 -NHCC>X-COOH 



CH2-OR 1 

I 2 
CH 2 -OR 2 
I 

CH 2 <>P(0)-0-CH 2 CH 2 .NHC(>X-S-Y 
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Kabanov and V.A.: Kabanov in BHcbnjugate Chem. 6:7-20 (1995); peptides ancnRJTymers and other nonviral gene 
delivery systems as described by FD. Ledley in Human Gene Therapy 6:1 129-1 144 (1995). 

The helper lipid and/or short chain phospholipid and/or a cationic lipid or another known transfection competent 
molecule other than a conjugate of this invention is suitably in the form of a liposome, micelles, organic or aqueous dis- 

5 persions, or organic or aqueous solutions.The optimal molar ratio between the compound of formula I and the helper 
lipid is 0.1-50, preferably 1-10. The optimal molar ratio between helper lipid and short-chain phospholipid is 2-20. The 
optimal molar ratio between the compound of formula I or II and additional transfection competent molecules is 0.1-10. 

For transfection, an appropriate amount of a conjugate of this invention, e.g., a compound of formula I or II is added 
to the molecule to be transfected (e.g., plasmid DNA), suitably in an aqueous solution. Optionally, a helper lipid and. if 

w desired, a short chain phospholipid and/or a cationic lipid or another known transfection competent molecule other than 
a conjugate of this invention is then added, either in form of liposomes, mixed micelles, or as an organic solution or 
aqueous dispersion. Alternatively, the molecule to be transfected may be added to a composition comprising a com- 
pound in accordance with this invention, a helper lipid, and, if desired, a short chain phospholipid and/or a cationic lipid 
or another known transfection competent molecule other than a conjugate of this invention. The composition may be in 

is solid, liquid, semisolid or aerosol form, suitably in form of liposomes, mixed micelles, or as an organic solution or aque- 
ous dispersion. 

For transfecting cells in an animal or human patient the composition can be administered by oral, parenteral (i.v., 
i.m., s.c., i.d., i.p.) transdermal, pulmonary, nasal, rectal, ocular, ventricular, vascular (catheter) and intratumoral route. 
Furthermore, the composition can be administered by high velocity impaction administration to the skin surface. The 
20 progress of transfection can be measured by appropriate testing protocols which are known to those skilled in the art. 

The peptide Cys-Me-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala-Leu-lle-Ser-Trp-lle-Lys-Arg-Lys-Arg- 
Gln-Gln-NH 2 is novel and is also part of the invention. It can be prepared by methods known in the art, e.g., by solid 
phase peptide synthesis as described below. 

The following examples which are not limitative illustrate the invention further. 



Example 1 



a) Preparation of the peptide R 3 SH ? 

30 Continuous-flow solid-phase synthesis was performed on a Milligen 9050 synthesizer, starting from Tenta Gel S 

RAM resin (0.22 mmole/g [Rapp Polymere GmbH, Tubingen, Germany] according to the method described by Atherton 
and Sheppard, Solid Phase Peptide Synthesis : A Practical Approach (IRL Press Oxford 1989). The base-labile Fmoc 
group was used for a-amino protection. Side chains were protected with the following protection groups: Arg(Pmc), ~ 
Cys(Trt), Gln(Trt), Lys(Boc), Ser(But) and Trp(Boc). Fmoc-amino acids (2.5 equiv.) were activated with an equivalent 

35 amount of TPTU (Knorr et al. Tetrahedron Lett. 1989, 30,1927-1930) and DIPEA. Fmoc deprotection was achieved with * 
20% piperidine in DMF. Cys(Trt)-lle-Gly-Ala-Val-Leu^ r 
Trp(Boc)-lle-Lys(Boc)Arg(Pmc)-Lys(Boc)Arg(Pmc)-Gln(Trt)-Gln(Trt)-amide Tenta Gel S-resin (1.1 g) was treated with a ^ 
mixture (20 ml) of 86% TFE, 10% EDT, 4% H 2 0 for 3 hours. The reaction mixture was concentrated and poured into 
diethyl ether and the precipitate was collected by filtration and lyophilized from water. The crude peptide was purified by 

40 preparative HPLC. There was obtained homogenous Cys-lle-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala- 
Leu-lle-Ser-Trp-lle-Lys-Arg-Lys-Arg-Gln-Gln-NH 2 . 5 TFA. 



b) Preparation of a compound of formula II 



45 The homogenous peptide obtained in paragraph a) above (34.6 mg, 10 jmmole) was dissolved in a mixture of 1 ml 
of 100 mM phosphate buffer, pH 6.5, and 1 ml of acetonitrile. To this solution there was added 10.6 mg of 1 ,2-dioleoyl- 
sn-glycero-3-phosphoethanolamine-N-[3-(2-pyridyidithio)propionate] in 2.8 ml of chloroform. The mixture was left to 
stand at room temperature for 1 hour and the organic solvent was removed by evaporation. The remaining solution was 
diluted with water to a volume of 2.5 ml and passed through a Pharmacia Biotech PD-10 column. The product was 

50 eluted with 3.5 ml of water and lyophilized. There was obtained 28.9 mg of a the compound of formula HA wherein R 1 
and R 2 are oleoyl and R 3 is the residue -(CH 2 )-CH(NH 2 )-CO-lle-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala- 
Leu-l!e-Ser-Trp-lle-Lys-Arg-Lys-Arg-Gln-Gln-NH 2 . ISP-MS:M=3722. 



Example 2 

55 

a) 1.1 mg of the compound obtained in Example 1b) were solubilized in trifluoroethanol and mixed with 1.1 mg of 
dioleoylphosphatidyl-ethanolamine (DOPE) in chloroform. The mixture was dried in vacuo and the remaining film 
rehydrated with 1 ml of 30 mM Tris CI buffer pH 8.5. 
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i cHed in 400 ul of 30 mM Tris CI buffer pH 8.5. ^^&\ '<. 



b) Plasmid DNA (10 ]Lig) was oWned in 400 (xl of 30 mM Tris CI buffer pH 8.5. rTWn 20 fxl of the product obtain in 
paragraph a) were added and gently mixed. The mixture was then added to cells. 



Table 1 shows the transfection efficiency of the compound obtained in Example 1b formulated according to Exam- 
5 pie 2 and that of two commercially available transfection vectors, DOTAP and Lipofectamine in various cell lines using 
the same transfection conditions. 

The effect of DNA dose on the transfection efficiency of various cell lines using the compound obtained in Example 
1b formulated according to the example 2 is shown in Table 2. The data indicate that high doses of DNA and the com- 
pound obtained in Example 1b could be applied on cells without any obvious toxicity. 



Table 1 



15 


Transfection of various cell lines with a mixture of the compound of Example lb and DOPE or cationic lipids. Cells 
were transfected with a p-galactosidase encoding plasmid formulated as described earlier in this Example, p-galac- 
tosidase activity was measured 48 h after transfection. Results are expressed as filinits per well, 




Cell-line 


Luciferase activity 






Compound of Example 1b 


DOTAP 2 > 


Lipofectamine 2 * 


20 


293-EBNA 


2343658 


706718 


99050 


C2E12 


563827 


156947 


17655 




CHO K1 


1825019 


814133 


48457 




HeLa 


33497 


5409 


243 


25 


LM 


31685 


68614 


35066 




LMtk- 


1712739 


594518 


45435 



2 ) DOTAP and Lipofectamine transfection complexes were prepared according to the manufacturer's instructions. 

30 



Table 2 



Transfection of various cell lines with a mixture of the compound of Example 1b and DOPE using increasing DNA 
doses. Cells were transfected with a p-galactosidase encoding plasmid formulated as described earlier in this Exam- 
ple, p-galactosidase activity was measured 48 h after transfection. Results are expressed as u.Untts per well, 




p-Galactosidase activty 




COS-1 


HepG2 


CV-1 


3T3 


0.2 jLxg DNA 


16325 


2533 


2700 


318 


0.5 jjlq DNA 


20545 


7944 


4440 


451 


1 jig DNA 


16005 


8988 


9775 


1032 


2 ng DNA 


15740 


13816 


20434 


1301 



50 



Example 3 

a) 1 .0 mg of the compound obtained in Example 1b) was dissolved in trifluoroethanol and dried in vacuo. The film 
55 was then rehydrated with 1 ml of 10 mM Tris maleafe buffer pH 6. 

b) 10 (xl of a plasmid DNA solution (1 mg/ml) were diluted with 190 jlx! of pure, sterile water. 100 \x\ of the product 
obtained in paragraph a) were added and gently mixed. The mixture was then added to cells. 
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) ^roency of the compound of Example 1b formul^HTa 



Table 3 shows the transfection efficiency of the compound of Example 1b formulaWET as described above and that of 
two commercially available cationic lipid transfection reagents, DOTAP and DOSPER in various cell lines using the 
same transfection conditions. The data indicate that the compound of Example 1 b mediated 3 to 40 and 25 to 500 times 
greater tuciferase activity than DOSPER and DOTAP, respectively. Moreover, only the compound of Example 1b was 
able to transfect the suspension cell-line WEHI 231 .7, albeit at a low level. 



Table 3 



Transfection of various cell lines with the compound of Example 1 b or cationic lipids. Cells grown in 6 well plates were 
transfected with a luciferase encoding plasmid (2 fjig DNA per well) formulated as described earlier in this Example. 
Luciferase activity was measured 48 h later. Results are expressed as light units per mg of cell protein. Background 

was substracted from each measurement. 


Cell line 


Luciferase activity 




DOTAP* 


DOSPER* 


Compound of Example 
1b 


CHO-K1 


2.69 10 6 


2.50 10 7 


5.19 10 8 


CV-1 


1.14 10 5 


1.31 10 6 


5.54 10 7 


293 


7.31 10 6 


5.70 10 7 


1.71 10 8 


WEHI 231.7 


0 


0 


1.85 10 2 



*) DOTAP (Avanti Polar Lipids Inc.) or DOSPER (Boehringer-Mannheim) transfection complexes were prepared according to 
manufacturer's instructions and were used at a cationic lipid / DNA ratio of 5/1 (wt/wt). 

25 



Example 4 

30 

a) 1.0 mg of the compound obtained in Example 1b) was dissolved in trifluoroethanol and dried in vacuo. The film 
was then rehydrated with 1 ml of 10 mM Tris maleate buffer pH 6. 

b) 10 (il of a plasmid DNA solution (1 mg/ml) were diluted with 200 \i\ of pure, sterile water . 39 \x\ of the product 
35 obtained in paragraph a) and 1 4 p.1 of an aqueous polyethylenimine solution (0.45 mg/ml) were added. The mixture 

was adjusted with water to 300 jllI, gently mixed and then added to 292 EBNA cells. 

c) 10 \i\ of a plasmid DNA solution (1 mg/ml) were diluted with 200 jul of pure, sterile water. 52 fxl of the product 
obtained in paragraph a) were added and adjusted with water to 300 |il. The mixture was gently mixed and then 

40 added to 292 EBNA cells. 

d) 10 uj of a plasmid DNA solution (1 mg/ml) were diluted with 200 jul! of pure, sterile water. 56 fjtl of an aqueous 
polyethylenimine solution (0.45 mg/ml) were added and adjusted with water to 300 |nl. The mixture was gently 
mixed and then added to 292 EBNA cells. 

45 

Table 4 shows the transfection efficiency of the compound of Example 1b, polyethylenimine and a mixture thereof for- 
mulated earlier in this Example. The data indicate that the mixture mediated 250 and 25 times greater luciferase activity 
than compound of Example 1b and polyethylenimine, respectively. 

50 



55 
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Table 4 



Transfection of 293 EBNA cells with the compound of Example 1 b, polyethylenimine or a mixture thereof. Cells grown 
in 6 cm dishes were transfected with a luciferase encoding plasmid (1 ^g DNA per well) formulated as described ear- 
lier in this Example. Luciferase activity was measured 48 h later. Results are expressed as relative light units per 

dish, 


Transfection agent 


Luciferase activity 


Compound of Example 1b 


3.9 x 10 5 


Polyethylenimine 


3.8 x 10 4 


Compound of Example 1b / Polyethylenimine 


9.8 x 10 6 



15 
20 
25 
30 
35 
40 
45 
50 
55 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: F. HOFFMANN- LA ROCHE AG 

(B) STREET: Grenzacherst rasse 124 

(C) CITY: Basle 
<D) STATE: BS 

(E) COUNTRY: Switzerland 

(F) POSTAL CODE (ZIP) : CH-4070 

(G) TELEPHONE: 061 - 688 42 56 

(H) TELEFAX: 061 - 688 13 95 

(I) TELEX: 962292/965542 hlr ch 



(ii) TITLE OF INVENTION: Transfection competent molecules 
(iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 

25 (v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 97100208.4 

(2) INFORMATION FOR SEQ ID NO : 1: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 25 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1: 

Gin Gin Arg Lys Arg Lys lie Trp Ser lie Leu Ala Pro Leu Gly Thr 
15 10 15 

Thr Leu Val Lys Leu Val Ala Gly lie 
20 25 

<2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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<xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2: 

Gin Gin Arg Lys Arg Lys He Trp Ser He Leu Ala Pro Leu Gly Thr 
5 1 5 10 15 

Thr Leu val Lys Leu Val Ala Gly He Cys 
20 25 

10 

Claims 

1 . Conjugates of lipids and basic, membrane disturbing peptides. 

15 

2. Conjugates as in claim 1 , which are compounds of the formula 

(R-CONH) n -R 3 I 

20 wherein R is the hydrocarbyl moiety of a straight-chain or branched-chain, saturated or unsaturated aliphatic car- 
boxylic acid, or a phospholipid moiety having a free valence bond; R 3 is a basic membrane disturbing peptide hav- 
ing a free valence bond at one or two carbon atom(s); and n is 1 or 2. 



3. Conjugates as in claim 2 having the formula 

CH 2 - OR 1 
CH 2 -OR 2 

I 3 
CH 2 <>-P(OK><IH 2 CH r NHCO-X-CONHR 3 

wherein X is C 2 -io alkylene, R 1 and R 2 independently are an acyl moiety of a C 12 -20 aliphatic carboxylic acid and 
R 3 is as defined in claim 2. 



4. Conjugates as in claim 1 having the formula 

(R-S-S) n -R 3 

40 wherein R, R 3 and n have the meaning given in claim 2. 

5. Conjugates as in claim 4 having the formula 



CH 2 -OR X 
I 

CH 2 -OR 2 DA 

I 3 
CH 2 -0-P(0)-0-CH 2 CH 2 -INrHCO-X-S-S-R 3 

wherein R 1 , R 2 , R 3 and X are as defined in claims 2 and 3. 

6. The compound of claim 5, wherein R 1 and R 2 are oleoyl and R 3 is the residue -(CH 2 )-CH(NH 2 )-CO-lle-Gly-Ala-Val- 
Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala-Leu-lle-Ser-Trp-lle-Lys-Arg-Lys-Arg-Gln-Gln-NH 2 . 

7. The peptide, Cys-lle-Gly-Ala- Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro- Ala-Leu- lle-Ser-Trp-lle-Lys-Arg-Lys-Arg- 
Gln-Gln-NH 2 and derivatives thereof wherein the amino groups are protected. 

8. A composition comprising at least one compound as defined in any one of claims 1 -6, a polynucleotide or any other 
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anionic macromolecule, ana^Stionally, a helper lipid and/or a short chain prropholipid and/or a cationic lipid or 
another known transfection competent molecule other than a conjugate of this invention. 

9. A composition comprising at least one compound as defined in any one of claims 1 -6 and, optionally, a helper lipid 
5 and/or a short chain phospholipid and/or a cationic lipid or another known transfection competent molecule other 

than a conjugate of this invention. 

10. A composition as in claim 8 or 9, wherein the components are in the form of an aqueous or organic solution, an 
aqueous or organic dispersion, or a liposome or a micelle. 

10 

11. A composition as in claim 8 or 9, wherein the composition is in solid, liquid, semisolid or aerosol form. 

12. The use of a compound as defined in any one of claims 1-6 and, optionlly, a helper lipid and/or a short chain phos- 
pholipid and/or a cationic lipid or another known transfection competent molecule other than a conjugate of this 

is invention, as a vector for transfecting a cell with a polynucleotide or any other anionic macromolecule. 
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